National Coal Board men working in selected collieries in Britain have been examined at medical surveys conducted at roughly five year intervals. The sample for the present study was selected from men examined during the first round of medical surveys conducted at 24 collieries between 1953 and 1958. The geographical locations of these collieries have been described previously3 and are distributed over all the British coalfields. A total of 31 676 men was seen originally, representing more than 90% of the men working in these collieries at that time. For this follow up study a sample was selected that included all men whose chest radiograph at that time was classified as category 1 or greater pneumuconiosis on the ILO scale4 (3645 men) and about half the remainder, selected randomly but proportionally by colliery and within five year age groups (14 093 men) giving a total sample of 17 738 men.
ABSTRACr Present estimates of the quantitative relations between exposure to mixed respirable coalmine dust and risk of developing coalworkes' simple pneumoconiosis are based on studies of working miners. These studies did not include men who had been miners but had left the coal industry, and it was not known whether the estimates of risk were also appropriate for these men. The results are reported of a study in which the dust/disease relations in men who have been miners but have left the industry have been compared with those in men who have remained in it. A sample of 17738 men who were first examined when working in 24 British collieries in the 1950s has been followed up about 22 years later. It was possible to examine 61% of the survivors, 44% of the original sample. Simple pneumoconiosis was more frequent among men (particularly older men) who had left the industry than among those who had stayed in it. A detailed analysis did not show any systematic or statistically significant difference between men who stayed and men who left in the quantitative relations between dust exposure and simple pneumoconiosis. Present estimates of risk of simple pneumoconiosis in relation to exposure to mixed respirable dust in working miners adequately describe the relation found in men who have been miners but have left the industry.
Current estimates of the risks of a coalminer developing simple pneumoconiosis are based on the relations between pneumoconiosis and individual cumulative exposure to mixed respirable dust. ' 3 These estimates were based on studies of working 'miners that did not include men who had been miners but had left the industry. Some men who left the industry may have done so because their health was poor, and their responses to dust exposure might differ from those evident in working miners.
The purpose of the present work was to establish whether, and to what extent, earlier estimates of dust exposure-specific risks of developing different degrees of coalworkers' simple pneumoconiosis, based on data from working coalminers, may differ systematically from risks experienced by all miners, including those who have left the industry.
Subjects
During the Pneumoconiosis Field Research of the Accepted 20 May 1985 National Coal Board men working in selected collieries in Britain have been examined at medical surveys conducted at roughly five year intervals. The sample for the present study was selected from men examined during the first round of medical surveys conducted at 24 collieries between 1953 and 1958. The geographical locations of these collieries have been described previously3 and are distributed over all the British coalfields. A total of 31 676 men was seen originally, representing more than 90% of the men working in these collieries at that time. For this follow up study a sample was selected that included all men whose chest radiograph at that time was classified as category 1 or greater pneumuconiosis on the ILO scale4 (3645 men) and about half the remainder, selected randomly but proportionally by colliery and within five year age groups (14 093 men) giving a total sample of 17 738 men.
Methods
Men in the sample who had died by the time of follow up examination were identified by methods described 29 30 in a recent mortality study. At each medical examination a full size chest radiograph was taken and at second and later surveys a questionnaire of respiratory symptoms and smoking habits was administered by trained personnel.6
All chest radiographs taken at follow up were read independently and in random order by a panel of five readers (of whom four were not medically qualified) who had trained themselves7 to interpret chest radiographs according to the ILO U/C classification of the appearances of pneumoconiosis.8 Three physicians experienced in the interpretation of the appearances of pneumoconiosis also classified a subset of 760 radiographs of men in this study. This subset of radiographs had been read, in an earlier phase of this study,9 for the purposes of assessing changes in radiographic appearances after men had left the industry, and some comparisons between the two panels' readings are made in this report.
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in age, dust exposure, smoking habit, and differences between collieries in the effect of dust. Figures 3 and 4 show the frequencies of category 0/1 or greater and category 2/1 or greater opacities respectively predicted by the statistical models over a range of dust exposure and for three selected ages after taking account of other factors. For both these categories of opacities the lines for miners and for ex-miners are virtually parallel, illustrating the similarity of the response to dust exposure in these groups of men. For the cateogry 2/1 or greater opacities no statisticallly significant difference in frequency was shown between miners and ex-miners under 65 (0-15
For category 0/1 or greater opacities, the predicted frequencies were slightly higher in given ranges of dust exposure and age for ex-miners than miners (0-025 < p < 0-05) and this appeared to be the result of a small difference in the response in these two groups of men to age. Table 5 Comparison of median readings for profusion of small rounded opacities for five self trained readers and three medically trained readers Quantitative relations between exposure to respirable coalmine dust and simple pneumoconiosis qualified. This panel's readings of simple pneumoconiosis have been shown to be reproducible, and their classifications in other studies have confirmed relations of dust exposure with radiographic appearances which had been shown or suggested in earlier readings by experienced medically qualified readers.7"' A comparison in a small number of radiographs in the present study between their readings and those of three medically qualified readers experienced in the interpretation of the appearances of pneumoconiosis showed that the self trained panel recorded higher prevalences of simple pneumoconiosis than the medical panel, and this should be borne in mind when examining the prevalences of pneumoconiosis recorded here. This difference is unlikely to have affected the conclusion on differences in effects of dust exposure from the study, since selftrained panel readings were used throughout. Furthermore two different levels of profusion of opacities were examined, and the same conclusions were reached in both.
In other work prevalence of simple pneumoconiosis has been found to be related to total time worked as well as to dust exposure.2 In our study total time worked was not found to contribute to the prediction of simple pneumoconiosis after allowing for dust exposure, and this is probably because we also allowed for the effects of age, to take account of differences in the age structure of our populations. Since category 2/1 or greater small rounded opacities are highly likely in almost all individuals in this population to represent pneumoconiosis and not other, non-occupational disease, the relation with age may represent a residual effect of exposure to dust that the exposure estimates did not take into account, for it is possible that exposures in the period before research measurements started were higher than has been estimated. Alternatively, the period during which the dust was resident in the lung may have influenced the development of pneumoconiosis, as has recently been shown in the case of progressive massive fibrosis.12
The results of this study show clearly that the dust/pneumoconiosis relations for category 2/1 or greater small rounded opacities are not distinguishably different for miners and ex-miners, and that for category 0/1 or greater opacities, the response to dust exposure also appeared to be the same, though a slightly greater response to age was indicated in the ex-miners. This difference in the lower categories of profusion could be the result of disease other than pneumoconiosis, since in other, non-mining populations, age related small rounded opacities of low profusion may be shown. 3 Whereas this analysis was not primarily concerned with the effects of smoking on radiographic appearances, ex-smokers were found to have a greater response to dust exposure in terms of the presence of category 0/1 or greater opacities than other men, and it was necessary to allow for this in studying the effects of dust exposure. No smoking effect was shown for 2/1 or greater opacities, however, and this result is consistent with a previous study"4 of the influence of smoking. Ifconfirmed by other studies this result could possibly indicate that men who gave up smoking because they recognised that their respiratory health was being affected included some who were suffering a greater than average effect of exposure to dust.
We conclude that previous estimates of dust/simple pneumoconiosis relationships based on studies of working British miners also adequately describe those in miners aged under 65 who have left the industry.
This study has spanned several years and many of our colleagues have made substantial contributions to it. In particular we wish to thank Dr M Jacobsen, who initiated and advised on the project, and the miners and ex-miners who took part. The structure of the logistic equation used to describe relations between pneumoconiosis frequency at follow up survey and covariates of interest is briefly as follows.
Within cells determined by 24 collieries, three groups of miners and ex-miners (working miners, exminers under 65, and ex-miners 65 or more at follow up survey) and four groups defined by smoking status (current cigarette smokers, current pipe or cigar smokers, ex-smokers, and never smokers), the probability of a man's having category 0/1 simple pneumoconiosis or greater (or category 2/1 or greater) was assumed to be a linear logistic function of total dust exposure (g hours/m3) and age (years). Intercepts and dust coefficients were constrained to have an additive structure over cells, while three age terms only were fitted, one for each group of men.
The following table is an extract from the complete set of fitted regression coefficients.
The statistical significance of the difference in pneunociosis frequency between miners and ex-miners under 65 was examined by considering the decrease of log-likelihood when variables 2, 4, and 6 were dropped from the fitted equations.
The goodness of fit of the logistic equations was assessed by grouping cases into 30 sets of 200 (and one set of 151) by increasing dust exposure, and com- puting total observed frequency of pneumoconiosis and total predicted by the fitted function, separately for each set. Comparison of observed and expected frequencies was carried out by means of a chi-square test. This procedure was repeated using age instead of dust exposure. All tests failed to show significant lack of fit (p > 0-5). A one sample run test on the algebraic signs of the quantities, observed minus expected, was also not significant. 
